Post-meiotic transcription is widespread in mammalian spermatogenesis, but is generally believed to be absent from Drosophila spermatogenesis. Genes required during meiosis, in early spermatids or later in spermiogenesis are typically transcribed in primary spermatocytes in Drosophila. Their mRNAs are then stored in the cytoplasm until the protein product is needed. Recently, using in situ hybridization, we identified 17 Drosophila genes, collectively named 'comets' and 'cups', whose mRNAs are most abundant in, and localize to the distal ends of, elongating spermatids. Using a single-cyst quantitative RT-PCR (reverse transcription-PCR) assay, we confirmed this unusual expression pattern and conclusively demonstrate the existence of post-meiotic transcription in Drosophila spermatids. We found that transcription of comets and cups occurs just before protamines can be detected in spermatid nuclei.
Drosophila spermatogenesis
In Drosophila, spermatogenesis is a stem-cell-mediated process. A germline stem cell divides asymmetrically to give another stem cell and a spermatogonial daughter. This spermatogonium undergoes four rounds of mitotic division to form a cyst of 16 primary spermatocytes. Before the meiosis starts, these spermatocytes enter an important phase of growth and high transcription, yielding 16 mature primary spermatocytes. Two meiotic divisions will then give rise to a cyst of 64 haploid spermatids, which will go through dramatic morphological changes to transform each round spermatid into a highly elongated and specialized mature motile sperm. These changes include construction of the flagellar axoneme, reorganization of the cytoskeleton and mitochondria, changes in chromatin packaging and largescale membrane remodelling (reviewed in [1, 2] ).
Two somatic cyst cells, whose supporting function is analogous to the Sertoli cells in mammalian testes, encapsulate the cells derived from one spermatogonium. All the cells surrounded by these two cyst cells remain interconnected throughout spermatogenesis.
Technical advantages of Drosophila testes as a model for spermatogenesis
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that many aspects of the genetic control of spermatogenesis are conserved. Within each testis, the temporal stages of sperm development are spatially arrayed, from the germinal centre at the apical tip containing the stem cells to the basal end where mature sperms are released. Stages are easily differentiated using morphological criteria. Thus examination of gene expression in the testis yields information regarding both temporal and cell-type-specific regulation of transcription. As cells in the testis are large, transcripts with specific subcellular RNA localizations are readily identified.
Exceptional patterns of gene expression in Drosophila testes
The primary spermatocyte period is characterized by high levels of transcriptional activity associated with considerable cell growth (a greater than 25-fold volume increase in less than 4 days). In contrast with mammals [3] [4] [5] , there is virtually no post-meiotic transcription in Drosophila [6] . To date, postmeiotic transcription has only been shown for two loci, hsromega, which encodes a heat-shock-induced functional RNA that is also expressed in unstressed cells, and Hsp70 (heatshock protein 70), which is induced in early spermatids in response to heat shock [7] . As a rule, transcripts encoding products required for primary spermatocyte development, meiosis and spermatid differentiation are produced before the meiotic divisions and stored with a uniform distribution in the cytoplasm until required [8] .
A large-scale project ongoing in our laboratory is the investigation of the testis expression pattern of many genes to determine the stage in spermatogenesis at which the gene product is likely to act (E. Benson and H. WhiteCooper, unpublished work). This work has already revealed that most of the genes whose transcripts are detected after the meiotic divisions conform to the conventional pattern of transcription and translational repression in the testes. However, we have found 17 testis-specific genes, collectively named 'comets' and 'cups', with utterly unexpected patterns of gene expression that do not conform to the previously described pattern.
Using RNA in situ hybridization, we detected these 17 Drosophila mRNAs at very low levels in primary spermatocytes. No transcript was detected in early elongation stages of spermatid differentiation; however, a robust signal was detected in later stages of spermatid elongation. Moreover, comet and cup mRNA localizations are unusual as they are found at the distal ends of elongating spermatids, which are the opposite ends of where spermatid nuclei are located (distal-most region of the testis). We have subdivided these 17 genes into two groups based on subtle differences in in situ hybridization patterns (Figure 1) . Either it resembles a comet, with a ball of staining at the tails of the spermatids, trailing away to a less abundant, speckled distribution just proximal to this, or it looks like a shallow acorn cup at the distal ends of the spermatids, in a more restricted domain than that of the comets.
The simplest interpretation for the comet and cup transcripts distribution is that the genes are post-meiotically transcribed and the mRNAs specifically localized.
By isolating and staging single cysts from a testis, extracting RNAs and studying comet and cup mRNA levels using real-time RT-PCR (reverse transcription-PCR), we confirmed this unusual expression pattern and conclusively demonstrated the existence of post-meiotic transcription in Drosophila spermatids. These indicate that our dogmatic view that 'there is no post-meiotic gene expression in Drosophila testes' is wrong.
Timing of transcription of the Drosophila comet and cup genes relative to the chromatin rearrangement
One of the morphological changes that occurs during spermiogenesis is the remodelling of chromatin packaging. The histones are removed from spermatid chromosomes and replaced by other small basic proteins, initially transition proteins, and then protamines (reviewed in [8] ). This gives a much higher degree of chromatin compaction than is possible with nucleosomal organization and may also be important for resetting of epigenetic marks on the paternal chromosomes. The localization of protamines to DNA during spermiogenesis in Drosophila melanogaster has recently been described [9, 10] .
Using fruitflies expressing protamine-EGFP (enhanced green fluorescent protein) and histone-RFP (red fluorescent protein) fusions, we were able to stage the isolated cysts with respect to histone removal and protamine loading and found that transcription of comets and cups occurs just before protamines can be detected in spermatid nuclei.
Perspectives
Future work on the molecular characterization of the comet and cup mRNA localization machinery will allow us to gain insights into the mechanisms of specific mRNA translocation in specialized polarized cells. We are currently generating transgenic fruitflies carrying a comet or cup genomic DNA fused to a fluorescent protein-coding sequence to study the localization of these mRNAs and proteins.
We have generated mutant fruitflies for two of the comet genes, and at least one of these is essential for male fertility. Further work will increase our understanding of the biological functions of the comet and cup genes. 
